Background. Women with asthma using antiasthmatics during the later part of the pregnancy have an increased risk for obstetric complications and their infants of neonatal complications. Material and Methods. The study is based on a linkage between the Swedish Medical Birth Register and a register of prescribed drugs in Sweden for the years 2009-2011, identifying women who had filled prescriptions for antiasthmatics after the first trimester. Their characteristics, their obstetric history, and the neonatal conditions of their infants were compared with all other women who gave birth. Adjusted Mantel-Haenszel odds ratios were determined. Results. We found an increased risk for a number of maternal conditions but no risk increase for gestational diabetes (after adjustment for body mass index) or for premature rupture of membranes. There was an increase in preterm births for some drugs used at severe asthma and of low birth weight and small for gestational age for most drug combinations. An increased risk was seen for neonatal hypoglycemia, respiratory problems, and low Apgar score. Conclusions. There are many hazards associated with maternal asthma and use of antiasthmatic drugs. Most evidence suggests a disease effect. A careful control of the asthma during pregnancy is important.
Introduction
Many articles and reviews are available on the subject of asthma and the use of antiasthmatic drugs during pregnancy. One review [1] summarized the early literature. More recent reviews have been published [2] [3] [4] . In most studies which were large enough, an association with various maternal obstetric morbidities was demonstrated. On the other hand, the effect on preterm birth, low birth weight, and intrauterine growth retardation is more uncertain and results vary.
A recent paper [5] studied the issue of congenital malformation risk after early pregnancy exposure to antiasthmatic drugs and a weak general increase was found which could not be attributed to any specific antiasthmatic drug and most likely was due to the effect of the underlying disease. In the present study, the effect of use of antiasthmatics later in pregnancy is studied.
Material and Methods
The study was based on the Swedish Medical Birth Register [6] which contains medical information on practically all deliveries in Sweden since 1973, including information on delivery and neonatal diagnoses. Information on the use of antiasthmatic drugs was obtained from the Swedish Prescribed Drugs Register [7] . Women giving birth during 2009-2011 were searched in this register and the filling of prescriptions of antiasthmatic drugs within a year before delivery was identified. The gestational week of filling the prescription was calculated from the date of filling the prescription and the estimated date of the last menstrual period (LMP). LMP was determined from the date of delivery and the pregnancy duration in days, mainly evaluated by second trimester sonography. Drugs were classified by the Anatomical Therapeutic Chemical (ATC) Classification System. The code for an antiasthmatic drug was R03. The following outcomes were studied, defined by International Statistical Classification of Disease and Related Health Problems, 10th edition (ICD-10) codes, or from other register data.
Maternal delivery diagnoses are preexisting diabetes, preexisting hypertension, gestational diabetes, preeclampsia, hyperemesis gravidarum, placenta previa, abruption of placenta, premature rupture of membranes (PROM), hemorrhage around delivery, induction of delivery, caesarean section, and instrumental vaginal delivery.
Neonatal characteristics studied were preterm birth in singletons (<37 weeks), low birth weight in singletons (<2500 g), and small for gestational age (SGA) in singletons (<2 standard deviations below the expected weight for gestational duration, infant sex, and parity) [8] .
The investigated neonatal diagnoses were hypoglycemia, fetal distress, respiratory diagnoses, Apgar score <7 at 5 minutes, intracranial hemorrhage, diagnoses referring to central nervous system (CNS) symptoms, and jaundice.
Risk estimates were made with Mantel-Haenszel procedure as odds ratios (OR) with approximate 95% confidence intervals (95% CI) estimated with Miettinen's method. Adjustment was made for year of birth, maternal age, parity, smoking in early pregnancy, and prepregnancy body mass index (BMI). When the expected number of outcomes was <10, risk ratios (RR) were instead determined as the observed overexpected number, the latter estimated after adjustments as above. Exact 95% CI were based on Poisson distributions.
Results
During the period 2009-2011, 17 391 women with 17 740 infants were identified as having filled a prescription for an antiasthmatic drug within a year before the delivery. Table 1 shows the distribution between specific drugs.
Orally taken terbutaline was, however, mainly used for premature uterine contractions towards the end of the pregnancy and such exposures were therefore excluded when no other antiasthmatic drug was used. Then 10 553 women with 10 728 infants remained with prescriptions filled during trimesters 2-3. In the register, a total of 327 932 women with 332 682 infants were registered these years. Thus 3.2% of the women had filled at least one prescription for an antiasthmatic drug. Figure 1 shows that the prescription rate per pregnancy week increased markedly from three months before LMP up to about 25-week pregnancy and then remained relatively stable.
Maternal characteristics, maternal diagnoses, infant characteristics, and morbidity were compared with nonexposed infants. Table 2 , women with asthma deviate in many aspects from other women; they are older, have lower parity, smoke more, and are more often overweight or obese.
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Maternal Characteristics. As seen in
After adjustment for year of delivery, maternal age, parity, smoking, and BMI, there was a weak increased risk for previous miscarriage. For one or two previous miscarriages the OR was 1.11 (95% CI 1.05-1.17) and 1.12 (95% CI 1.02-1.24), respectively. For three or more previous miscarriages it was 1.28 (95% CI 1.13-1.46).
There was also an association with a period of unwanted childlessness as a sign of subfertility. For one year of unwanted childlessness the OR was marginally increased (OR = 1.12, 95% CI 1.00-1.25) and for two or more years it was 1.16 (95% CI 1.04-1.31).
Women who were born outside Sweden used antiasthmatic drugs less often than Swedish-born women. The OR for being born in another Nordic country was 0.89 (95% CI 0.77-1.03) and for being born in a non-Nordic country 0.48 (95% CI 0.45-0.51).
Maternal Diagnoses.
When at least 100 outcomes were registered, risks were estimated for different groups of antiasthmatics used, irrespective of the use of other antiasthmatics.
Two chronic diseases, diabetes and hypertension, were studied ( Table 3 ). Preexisting diabetes did not occur in statistical excess but preexisting hypertension did. Among other delivery diagnoses studied, all but two (gestational diabetes and premature rupture of membranes) occurred more often than expected. If the analysis of gestational diabetes was made without consideration to BMI, the OR was 1.31 (95% CI 1.13-1.53).
The OR for gestational diabetes varied between different drug groups but for none was a significantly increased risk noted. Use of long-acting beta-2 agonists combined with steroids gave the highest OR which, however, was not significant (OR = 1.30, 95% CI 0.99-1.73). The ORs for preeclampsia varied between 1.28 (95% CI 1.12-1.38) for inhaled long-acting -2 agonists and 1.85 (95% CI 1.18-1.91) for montelukast but no significant difference between the estimates was found.
There was no increased risk for any PROM. If no adjustment was made for BMI, this did not affect the OR. When the analysis was restricted to PROM occurring at preterm births (PPROM) the OR was 0.86 (95% CI 0.71-1.04).
The risk for a bleeding around delivery was increasedthe OR for antepartum bleeding was 1.14, for intrapartum bleeding 1.19 and for postpartum bleeding 1.07. These ORs obviously do not differ but the only one reaching statistical significance was that for intrapartum bleeding. For various groups of antiasthmatics the ORs varied little; the highest OR was for inhaled long-acting -2 agonists (1.23, 95% CI 1.08-1.41).
The increased risk for primary weak contractions was highest and statistically significant after short-acting -2 agonists (OR = 1.15, 95% CI 1.01-1.31) while for the other drug groups it was lower and not statistically significant. The increased risk for delivery induction varied slightly between different antiasthmatic drug groups between 1.22 (95% CI 1.14-1.30) for short-acting -2 agonists to 1.41 (95% CI 1.26-1.57) for long-acting -2 agonists.
The Caesarean section rate was increased after maternal use of antiasthmatics. The highest OR value was seen after use of montelukast (OR = 1.88, 95% CI 1.42-2.51) and the lowest OR after short-acting -2 agonists (OR = 1.19, 95% CI 1.13-1.26). These differences may not be random. Also the OR for instrumental vaginal delivery was high after the use of montelukast (OR = 1.84, 95% CI 1.20-2.81) and low after the use of short-acting -2 agonists (OR = 1.13, 95% CI 1.03-1.24).
Preterm Birth, Low Birth
Weight, and SGA. These outcomes were analyzed in singleton pregnancies, exposed to antiasthmatic drugs during the second or third trimester up to week 37. Later exposure could not affect preterm birth. When oral terbutaline was included in the analysis, a significantly increased risk for preterm birth was seen (OR = 1.48, 95% CI 1.38-1.59) but when such treatments were excluded, the risk for preterm birth decreased and was no longer significant ( Table 4 ). The risks for low birth weight and for SGA were, however, significantly increased. Adjustment for being born in Sweden or abroad did not change the OR for preterm birth and increased slightly but not significantly that for low birth weight and for SGA.
For specific antiasthmatic drugs, however, an increased risk for preterm birth was seen; inhaled fixed combinations of long-acting -2 agonists with other antiasthmatics (mainly corticosteroids) and xanthines or montelukast. For low birth weight, the risk was strong but not significant with xanthines or montelukast. For SGA a significant increase was seen after any antiasthmatic. This effect seemed to be stronger after long-acting -2-agonists, fixed combinations of such drugs with other antiasthmatics (mainly corticosteroid), and xanthines or montelukast. The effect of inhaled steroids was lower.
Neonatal Diagnoses.
These outcomes were studied in all infants. Table 5 shows risk estimates for seven specified neonatal diagnoses.
For three conditions, statistically significant risk increases were seen: hypoglycemia, respiratory diagnoses, and low Apgar score. The risk to have any of these seven diagnoses was slightly but statistically significant increased. When the latter risk was compared for different types of antiasthmatic drugs, only little variation was seen. The highest OR was seen for montelukast (OR = 1.21, 95% CI 0.88-1.85) but it was not statistically significant. When infants exposed for the latter drug were analyzed for specific outcomes, the highest OR was for hypoglycemia (OR = 1.92, 95% CI 0.99-3.35).
Discussion
The exposure studied in this paper is defined as use of antiasthmatic medicines. Such patients were identified from prescriptions filled after the first trimester of pregnancy. The study by Källén and Otterblad Olausson [9] on antiasthmatic use after the first trimester was based on information from antenatal care which meant that the patient had been prescribed such drugs but it was not known if they had actually filled the prescription and used the drug. In the present setting there is still an uncertainty whether the patient used the drugs during pregnancy and if so when she used them. Not using the prescribed drug can have two effects. It may prevent a direct harmful drug effect on the pregnancy outcome or it can mean that the asthma of the patient may be undertreated.
No direct information is available on the underlying disease. In most cases, asthma was probably present but some patients may have got the drugs for other reasons including chronic obstructive pulmonary disease. This is, for instance, probably the case for the few women who got indacaterol or thiotropium. This also means that we have no direct means of adjusting for severity of asthma.
One group of women may not have a pulmonary disease at all but had got oral adrenergics as uterolytics. In Sweden, the main drug used for this purpose is terbutaline (and atosiban) and cases with terbutaline were excluded from the analyses. A few of the 39 women who used other oral adrenergics may have got it as uterolytics but the indication Among 323054 infants in the population with known gestational duration, 15850 were preterm, among 322770 with known birth weight, 10481 were low birth weight, among 322599 infants with known gestational duration, known birth weight, and sex, and 7183 were SGA. # RR as observed/expected number with exact 95% CI. # RR as observed/expected number with exact 95% CI. * Information on Apgar score at 5 minutes existed in 10639 infants exposed to antiasthmatic drugs and in 329947 infants in the population.
for the use of oral salbutamol in Sweden is not threatening premature delivery; this is actually a contraindication. Some use of oral terbutaline as an asthma medicine also occurs, but scrutiny of the prescription instructions shows that the vast majority refer to the treatment of premature contractions and most such prescriptions were from the last part of the pregnancy. If no other antiasthmatic drug was documented, such exposures were therefore disregardedquite obviously they will be associated with preterm births and other complications.
The rate of pregnant women who got prescriptions for antiasthmatic drugs increased during pregnancy (Figure 1 ). This could be an effect of increasing asthmatic problems during pregnancy or an intensification of treatment of asthma. Most studies have not found a general worsening of asthma during pregnancy which speaks against the first alternative.
When an association was present between maternal use of antiasthmatic drugs and a negative pregnancy outcome, various explanations may exist. Women using these drugs differ from other women in many aspects which may confound the analysis. Adjustment was made for maternal age, parity, smoking, and BMI and in some situations also for the case if the mother was born in Sweden or outside Sweden. On the other hand no adjustment was made for previous miscarriages or subfertility-these are reasonably expressions of the asthma or its treatment before the relevant pregnancy.
Women with asthma also have much comorbidity to judge from the use of other drugs [5] . Both asthma and comorbidity can confound the analysis. Sometimes this problem has been attacked by comparing outcome after the use of antiasthmatic drugs with that after untreated asthma. It is, however, likely that the latter patients have less severe asthma than those getting treatment. The nature of the antiasthmatics used can give some hints. Short-acting beta-2 agonists are used in order to treat acute attacks but are also used at less severe or temporary asthma as the only drug. Controller drugs (long-acting beta-2 agonists or inhaled corticosteroids) may in moderate to severe cases prevent acute attacks. Use of xanthines or montelukast may indicate more severe asthma. In the present material there are some data which suggest that the use of the latter two drug categories is associated with a higher risk for complications which could indicate an effect of more severe asthma.
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Maternal obstetric morbidity was increased in women using antiasthmatics. The risks were increased for preeclampsia, placenta previa, placental abruption, primary weak contractions, hemorrhage around delivery, and caesarean section which agrees well with the results summarized in reviews [1, 2, 10] .
For three diagnoses, no significantly increased risk existed, preexisting diabetes, gestational diabetes, and PROM. There has been some discussion in the literature whether diabetes type 1 and asthma have a tendency to coexist but a twin study [11] found no evidence for this in adults (OR = 1.03, 95% CI 0.52-2.00).
Studies on gestational diabetes [9, 10, 12] gave ORs varying between 1.11 and 2.28. In the previous Swedish study we found an OR of 1.29 (95% CI 1.14-1.95) for antiasthmatic users after the first trimester. In the present study we found much lower ORs and none reached statistical significance. It should be stressed that in the earlier paper no adjustment for BMI was made, which is a strong risk factor for gestational diabetes and which is also associated with an asthma risk ( Table 2 ). This seemed to explain the difference in results, because when the adjustment for BMI was left out in the present analysis, a significant risk appeared of the same magnitude as that obtained in the earlier study.
Some previous studies found an increased risk for PROM [9, 12, 13] and other studies did not [10, 14, 15] . In one study [14] the OR for any PROM was 0.99 but it was 1.18 for PPROM. In the present study no significant risk was seen, neither for any PROM, nor for PPROM.
Primary weak contractions occurred at an increased rate after maternal antiasthmatic drug use. The highest and only significant risk estimate was for short-acting -2 agonists which could be a direct effect of the drug on the uterus.
In contrast to most previous large studies there was no significant increased risk for preterm births in women who got antiasthmatic drug prescriptions before week 37. Such an effect was seen, however, when combinations of long-acting beta-2 agonists and inhaled corticosteroids and more marked when xanthines or montelukast had been used. Use of these drugs may mark more severe asthma.
A significant effect was seem on intrauterine growth retardation [9, [13] [14] [15] . It may be an expression of asthma severity and may be due to a relative asphyxia during pregnancy. This agrees with the conclusions drawn by Firoozi et al. [16] where the risk for SGA depended on asthma severity. A possible explanation was suggested in a study on placental vascular function at maternal asthma [17] .
Among neonatal symptoms which were increased at maternal asthma are hypoglycemia, respiratory diagnoses, and low Apgar score. No increase in the risk for jaundice was seen in contrast to an earlier finding [18] . The association with infant hypoglycemia has been described previously [9] . Our data indicate that it is not secondary to maternal preexisting or gestational diabetes as no increased risk for these conditions was seen. The increased risk for respiratory problems and a low Apgar score agrees with previous data [18] .
Both the rates of caesarean sections and instrumental vaginal deliveries were increased among the studied women.
An increased risk of caesarean section at maternal asthma has been demonstrated repeatedly. The explanation may at least partly be found in the obstetric complications described above.
To conclude, both with regard to maternal obstetric complications and neonatal complications, an increased risk for negative outcomes was found. This was difficult to link to specific antiasthmatic drug use but the general pattern indicates a confounding by indication and that poorly controlled asthma may carry the largest risk [19] . Probably intense asthma therapy can be recommended without fear for harmful drug effects. Enough data are not available for the newest drugs, montelukast, and notably omalizumab.
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